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RC Circuit Parameter Estimation for DC Electric Traction Substation Using
Linear Artificial Neural Network Scheme

HHEISH - AR - B - U8 - B2

Chang Han Bae - Young Guk Kim - Chan Kyoung Park - Yong Ki Kim - Moon Seob Han

Abstract Overhead line voltage of DC railway traction substations has rising or falling characteristics depending on
the acceleration and regenerative braking of the subway train loads. The suppression of this irregular fluctuation of the
line voltage gives rise to improved energy efficiency of both the railway substation and the trains. This paper presents
parameter estimation schemes using the RC circuit model for an overhead line voltage at a 1500V DC electric railway
traction substation. A linear artificial neural network with a back-propagation learning algorithm was trained using the
measurement data for an overhead line voltage and four feeder currents. The least square estimation method was con-
figured to implement batch processing of these measurement data. These estimation results have been presented and
performance analysis has been achieved through raw data simulation.

Keywords : Linear artificial neural network, Least square estimation, DC electric traction substation, Overhead line volt-
age, Regenerative energy
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Fig. 1. Circuit model of DC electric railway substation.
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Fig. 2. Linear artificial neural network model for DC electric rail- Fig. 3. Flow chart of linear ANN for RC parameter estimation.
way substation.
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error backpropagation

Equations (14)~(17) Equations (2) (3)

Parameters(a, b, ¢) Parameters(R, C)

Fig. 4. Calculation of parameters using weight and offset values of linear ANN.
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Table 1. MSE, R and C values estimated by MSE batch processing.

Data MSE R(m@Q) C(F)

length V) Feederl Feeder2 Feeder3 Feeder4 Feederl Feeder2 Feeder3 Feeder4
1 hour 32.1 1.67 2.23 -2.84 3.10 13.4 10.0 -5.74 7.66
2 hour 19.4 0.84 0.91 0.68 1.01 25.1 23.0 30.6 20.9
3 hour 6.71 0.99 1.09 1.61 1.05 21.5 19.5 13.7 20.2
4 hour 8.95 1.48 1.24 1.64 1.23 14.7 17.6 13.5 17.5

voltage[V]

voltage[V]

voltage[V]

voltage[V]

6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7
Time[min]

Fig. 5. Estimation results of line voltage, R and C using least square estimation method : reference and estimated line voltage.
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Table 2. Learning conditions of Linear ANN and MSE.

Parameters values
learning rate (77) 0.001
momentum factor(/) 0.6
offset factor(a) 0.002
normalization/denormalization gain 775
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Fig. 6. Estimation results of linear artificial neural networks.
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Fig. 7. Weights of input and hidden layer of Linear ANN.
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Fig. 8. Weights of hidden and output layer of Linear ANN. Fig. 9. Offset value of perceptron of hidden layer of Linear ANN.
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Fig. 10. Resistance values per feeders estimated using linear ANN. Fig. 11. Capacitance values per feeders estimated using linear
ANN.
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Table 3. MSE, R and C values estimated by linear ANN.

Calculation R(mQ) C(F)
number MSE(V)
(per Smin) Feederl Feeder2 Feeder3 Feeder4 Feederl Feeder2 Feeder3 Feeder4
1 280.14 -6.87 0.53 -5.38 1.18 -3.084 39.43 -3.936 17.83
8 40.91 1.45 0.51 0.50 0.43 14.78 41.87 42.44 49.40
48 19.22 1.42 0.49 1.83 1.0 15.14 43.20 11.75 21.41
88 17.43 1.84 1.08 1.12 1.03 11.67 19.83 19.15 20.70
128 16.02 1.13 1.06 1.22 0.79 19.0 20.15 17.60 26.93
168 15.07 0.99 1.19 1.30 0.98 21.69 17.97 16.48 21.86
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